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(54) Improved electro-optic rearview mirror for automotive vehicles 



(57) An electro-optic rearview mirror (10) which has 
improved glare-reducing properties and in which the 
electro-optic medium in a darkened state has enhanced 
transmittance of visible light in the generally orange, red 
and near infrared wavelengths. If desired, the electro- 
optic rearview mirror (10) embodying the invention may 



incorporate display means (26) which shines through 
the electro-optic medium, the peak emission of the dis- 
play means (26) substantially corresponding with the 
enhanced transmittance of the electro-optic medium 
whereby the brightness of the display means (26) is in- 
creased. 
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Description 

This invention relates to electro-optic rearview mir- 
rors for automotive vehicles and, more particularly, to 
an improved electro-optic rearview mirror which is 
adapted to automatically transfer from a full reflectance 
mode to the partial reflectance mode for glare protection 
purposes from light emanating from the headlights of ve- 
hicles approaching from the rear and which mirror may 
also incorporate display means, as for example, display 
means for indicating outside temperature and/or com- 
pass displays indicating the direction of travel of the ve- 
hicle. 

Heretofore, various electro-optic rearview mirrors 
for automotive vehicles have been devised which auto- 
matically change from a full reflectance mode (day) to 
a partial reflectance mode (night) for glare protection 
purposes from light emanating from the headlights of ve- 
hicles approaching from the rear. The electrochromic 
mirrors disclosed in U.S. Patent No. 4,902,108, issued 
February 20, 1990, for Single-Compartment, Self-Eras- 
ing, Solution-Phase Electrochromic Devices, Solutions 
for Use Therein, and Uses Thereof; U.S. Patent No. 
4,917,477, issued April 17, 1990, for Automatic Rear- 
view Mirror System for Automotive Vehicles; U.S. Patent 
No. 5, 1 28,799, issued July 7, 1 992, for Variable Reflect- 
ance Motor Vehicle Mirror; U.S. Patent No. 5,202,787, 
issued April 13, 1993, for Electro-Optic Device; U.S. 
Patent No. 5,280,380, issued January 18, 1994, for UV- 
Stabilized Compositions and Methods; and U.S. Patent 
No. 5,282,077, issued January 25, 1994, for Variable 
Reflectance Mirror, each of which patents is assigned 
to the assignee of the present invention are typical of 
modern day electro-optic rearview mirrors for automo- 
tive vehicles. Such mirrors may be utilized in a fully in- 
tegrated inside/outside rearview minor system or as an 
inside or an outside rearview mirror system. In general, 
in automatic rearview mirrors of the types disclosed in 
U.S. Patent Nos. 4,902,108; 4,917,477; 5,128,799; 
5,202,787; 5,280,380 and 5,282,077, both the inside 
and the outside rearview minors are comprised of a rel- 
atively thin electro-optic medium sandwiched and 
sealed between two glass elements. In most cases, 
when the electro-optic medium is electrically energized, 
it darkens and begins to absorb light, and the higher the 
voltage, the darker the mirror becomes. When the elec- 
trical voltage is decreased to zero, the mirror returns to 
its clear state. Also, in general, the electro-optic medium 
sandwiched and sealed between the two glass ele- 
ments is preferably comprised of solutions of electro- 
chromic compounds which function as the media of var- 
iable transmittance in the mirrors, although it should be 
understood that other electro-optic media may be uti- 
lized. When operated automatically, the rearview mir- 
rors of the indicated character generally incorporate 
light-sensing electronic circuitry which is effective to 
change the mirrors to the dimmed reflectance modes 
when glare is detected, the sandwiched electro-optic 



medium being activated and the mirror being dimmed in 
proportion to the amount of glare that is detected. As 
glare subsides, the mirror automatically returns to its 
normal reflectance state without any action being re- 

5 quired on the part of the driver of the vehicle. The elec- 
tro-optic medium is disposed in a sealed chamber gen- 
erally defined by a transparent front glass element, a 
peripheral edge seal, and a rear mirror element having 
a reflective layer, the electro-optic medium filling the 

10 chamber. Conductive layers are provided on the inside 
of the front and rear glass elements, the conductive lay- 
er on the front glass element being transparent while the 
conductive layer on the rear glass element may be 
transparent or the conductive layer on the rear glass el- 

15 ement may be semi-transparent or opaque and also 
have reflective characteristics and function as the reflec- 
tive layer for the mirror assembly. The conductive layers 
on both the front glass element and the rear glass ele- 
ment are connected to electronic circuitry which is ef- 

20 fective to electrically energize the electro-optic medium 
to switch the mirror to nighttime, decreased reflectance 
modes when glare is detected and thereafter allow the 
mirror to return to the daytime, high reflectance mode 
when the glare subsides as described in detail in the 

25 aforementioned U.S. Patents. 

It should be understood that when luminous dis- 
plays are incorporated within these electro-optic mir- 
rors, a portion of the reflective surface (inside or back- 
side of the second piece of glass) is removed such that 

30 the display may shine through the glass and sand- 
wiched electro-optic media and be seen by the vehicle 
operator. 

These automatically-dimming, glare reducing mir- 
rors as disclosed in the prior art have been generally 

35 effective, and, in any case, are superior to standard mir- 
rors which do not automatically attenuate glare and are 
limited to only one or two states of reflectance. Despite 
this, recent developments and discoveries have created 
a need for improvements. 

40 For example, new headlamp technologies have 
been widely adopted for use on motor vehicles to such 
an extent that the very nature of glare has evolved be- 
yond the optimum capabilities of prior art electro-optic 
dimming mirrors. High Intensity Discharge (HID) lamps 

45 and Halogen IR reflecting lamps have become very pop- 
ular because of their enhanced efficiency, longevity and 
brightness. A characteristic side effect of these high 
color temperature lamps, however, is their unique spec- 
tral distribution which tends to be substantially more 

50 skewed towards the short wavelength end ot the visible 
spectrum (between 380 and 585 nanometers) and 
whose colors are perceived to be more violet, blue or 
blue-green than earlier headlamp systems using stand- 
ard tungsten filament technology. 

55 This evolutionary shift in headlamp spectra towards 
the blue end of the visible spectrum poses a new prob- 
lem for mirrors which are bluish" in their rendering of 
reflected images. Such mirrors as those disclosed in U. 
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S. Patent No. 5,355,245 appear blue because their 
spectral reflectance is higher in the blue end of the spec- 
trum (below 585 nanometers) than at the red-orange 
end of the spectrum (above 585 nanometers). This en- 
hanced blue reflectance characteristic is seen to be $ 
present in some prior art mirrors on a full time basis and 
in others only when their electro-optic media is in the 
darkened state. 

Unfortunately, the enhanced or preferential blue re- 
flectance of these assemblies amplifies the glare from 
recently popularized lamp technologies such as the HID 
lamp, or at least, is minimally effective in reducing such 
glare. This effect is worsened by five other factors, all of 
which conspire to illustrate a need for mirrors having a 
color other than blue, violet, or blue-green (even if dark- 
ened by an electro-optic medium). 

1) By virtue of the so-called Helmholtz-Kohlrausch 
effect, it has long been known that illuminants hav- 
ing greater saturation with respect to the ambient 
environment exhibit apparent brightness/glare 
greater than that predicted by their actual lumi- 
nance. 

2) Different colored illuminants having the same lu- 
minance exhibit varying degrees of saturation, blue 
being the highest, deep red being next and amber- 
orange being lowest. 

3) Nighttime vision (scotopic) and very dim vision 
(mesopic) have long been known hv the so-called 
Purkinie phenomena to be more sensitive to bluish 
light than to orange light. This increases the iumi- 
nance and apparent brightness/glare of bluish light 
in any night or very dim setting where a person's 
vision is at least partially adapted to low light levels. 
Responsibility for all or part of this enhanced blue- 
light sensitivity goes to the photo chemical pigment 
known as rhodopsin or "visual purple" which is pro- 
duced in the retina and works to increase the sen- 
sitivity of the rod cells. 

4) It is also known that rhodopsin production in the 
eye in sufficient quantities to improve night vision 
takes time (several minutes); if the rhodopsin is de- 
stroyed, night vision suffers until such time as the 
pigment is replaced. Unfortunately, the very high 
energy photons associated with violet, blue and 
blue-green light are notorious for their efficiency at 
photochemical ly destroying rhodopsin. (For this 
reason, the Armed Services exclusively uses red 
lighting in aviation ready-rooms, aircraft operations 
control centers aboard ships, and in the cockpits of 
tactical aircraft.) 

5) Red-orange overhead street lighting has become 
commonplace in the form of high pressure sodium 
and other discharge lamps, due to their high effi- 
ciency and reliability. They further are suspected to 
give superior nighttime vision assistance (as com- 
pared with blue-white lamps) to the aging populace 
of drivers because of the blue-scattering and atten- 
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uating characteristics of the corneas, lenses, and 
vitreous constituents of the aged eye. The illumina- 
tion from these overhead lamps, by virtue of its point 
of issue and its distribution onto the roadway, con- 
tribute to visibility without contributing to glare (they 
illuminate the roadway, surroundings, and vehicles 
without shining a piercing beam in the manner of a 
horizontally mounted headlamp). Unfortunately, 
however, mirrors which are either permanently or 
temporarily violet, blue or blue green are so by vir- 
tue of their attenuation of red and orange light. 
Therefore, in the case of the ever more popular high 
pressure sodium and other overhead street lamps 
with reddish-orange hue, the bluish mirrors actually 
attenuate the light which is most optimum for visi- 
bility without glare. 

In summary, then, prior art mirrors with temporary 
or permanent blue hue actually amplify glare and reduce 
visibility in a number of highway environs which are be- 
coming universal. The prior art electro-optic assemblies 
also suffer the drawback of, practically speaking, pre- 
venting combinations using red-orange displays. Be- 
cause they absorb/attenuate red-orange light preferen- 
tially (a characteristic which causes them to look bluish 
in color) a red orange display positioned behind such an 
electro-optic media will not readily shine therethrough. 

By adopting an electro- optic media which has en- 
hanced red-orange light response and by further com- 
bining this with displays or other instruments whose re- 
sponse matches the electro-optic media of this inven- 
tion, the discussed disadvantages of the prior art are 
overcome. 

An aim of the present invention is to overcome dis- 
advantages in prior electro-optic mirrors of the indicated 
character and to provide an improved electro-optic mir- 
ror incorporating improved glare-reducing properties. 

Another aim of the present invention is to provide 
an improved electro-optic mirror having glare-reducing 
properties which are superior to the glare-reducing 
properties of prior mirrors of the indicated character. 

Another aim of the present invention is to provide 
an improved electro-optic mirror incorporating improved 
display means providing high efficiency in the transmis- 
sion of light whereby the brightness of the display means 
is increased. 

Another aim of the present invention is to provide 
an improved electrochromic rearview mirror in which the 
color of the mirror in the partial reflectance mode is cor- 
related with the color of display means embodied in the 
mirror. 

Another aim of the present invention is to provide 
an improved electrochromic rearview mirror wherein the 
electrochromic medium in a darkened state has an en- 
hanced transmittance of visible light in the generally or- 
ange, red and near infrared wavelengths above 585 na- 
nometers and is combined with a display which shines 
through the electrochromic medium, the peak emission 
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of the display substantially corresponding with the afore- 
mentioned enhanced transmittance of the electrochro- 
mic medium. 

Still another aim of the present invention is to pro- 
vide an improved electrochromic rearview mirror which 
is economical to manufacture and assembly, durable, 
efficient and reliable in operation. 

The above as well as other aims and advantages 
of the present invention will become apparent from the 
following description of exemplary embodiments and 
the accompanying drawings, in which:- 

Figure 1 is a perspective view of an inside electro- 
chromic rearview mirror embodying the present in- 
vention and shown installed on the windshield of a 
vehicle, together with two outside electrochromic 
rearview mirrors embodying the present invention 
and shown installed on the outside of the vehicle in 
a conventional manner whereby each of the mirrors 
faces rearwardly of the vehicle in a conventional 
manner; 

Figure 2 is a front elevational view of the inside elec- 
trochromic mirror illustrated in Figure 1 , showing the 
same removed from the mirror housing; 
Figure 3 is a schematic cross sectional view of the 
mirror illustrated in Figure 2, taken on the line 3-3 
thereof; 

Figure 4 is a chart representing the spectral distri- 
bution of the visible light emitted by the display in- 
corporated in a mirror embodying the present inven- 
tion; 

Figure 5 is a chart depicting the one-way spectral 

transmittance of the preferred electrochromic cell in 

its uncolored and colored states; 

Figure 6 is a chart depicting the spectral reflectance 

of the preferred electrochromic mirror in its clear, 

darkened and intermediate states; 

Figure 7 is a chart depicting the CI E color matching 

functions used for coJorimetry, i.e. measurement of 

color; 

Figure 8 is a representation of the CIE 1976 UCS 
chromaticity chart; 

Figure 9 is a chart of the saturation of monochro- 
matic sources having equal luminance; 
Figure 10 is a chart of saturation of narrow-band 
sources having equal luminance. 
Figure 11 is a chart depicting the superior attenua- 
tion of harsh headlamp glare by the improved elec- 
trochromic mirror embodying the present invention; 
Figure 1 2 is a chart depicting the benefits of the im- 
proved electrochromic mirror embodying the 
present invention in combination with a display hav- 
ing an emission spectra substantially matched to a 
generally orange or red band of light which is pref- 
erentially transmitted by the electrochromic medi- 
um even when the electrochromic medium is in its 
darkened state; 

Figure 1 3 is a chart showing the benefits of the im- 



proved electrochromic mirror embodying the 
present invention in combination with an instrument 
(emitter or detector) whose response (emission or 
reception) is substantially matched to a band of in- 
5 frared light which is preferentially transmitted by the 
electrochromic medium, even when the electro- 
chromic medium is in its darkened state; and 
Figure 14 is a chart showing the relationship be- 
tween saturation and glare. 

10 

Detailed Description 

The present invention is particularly adapted for use 
with electrochromic mirrors of the general type dis- 

is closed in U.S. Patent No. 4,902,108, issued February 
20, 1990, for Single-Compartment, Self-Erasing, Solu- 
tion-Phase Electrochromic Devices, Solutions for Use 
Therein, and Uses Thereof, and U.S. Patent No. 
4,917,477, issued April 17, 1990, for Automatic Rear- 

20 view Mirror System for Automotive Vehicles, both of 
which are assigned to the assignee of the present in- 
vention, and the disclosures of each of which are hereby 
incorporated herein by reference. Mirrors embodying 
the present invention may be utilized in fully integrated 

25 inside/outside rearview mirror systems or in an inside or 
an outside rearview mirror system. Such electrochromic 
mirrors dim and clear under the control of electronic cir- 
cuitry whereby such electronic control mirrors may be 
utilized in conjunction with other visually related equip- 

30 ment in automotive vehicles. In automatic rearview mir- 
rors of the general types disclosed in the aforemen- 
tioned United States patents, the mirrors are comprised 
of a thin chemical layer sandwiched between two glass 
elements. As the chemical layer is electrically ener- 

35 gized, it darkens and begins to absorb light, and the 
higher the voltage the darker the mirror becomes. When 
the electrical voltage is removed, the mirror returns to 
its clear state. With such electrochromic mirrors, light 
sensing circuitry is effective to switch the mirrors to the 

40 nighttime mode when glare from the rear of the vehicle 
is detected, the sandwiched chemical layer being acti- 
vated when glare is detected thereby darkening the mir- 
ror automatically. As the glare subsides, the mirror au- 
tomatically returns to its former generally clear state 

45 without any action being required on the part of the driv- 
er of a vehicle. The amount of dimming depends upon 
how much glare the driver experiences, and with only a 
little glare, the mirror dims only partially while with bright 
blinding glare, the mirror dims to a fully dark condition. 

50 Heretofore, in commercially available electrochromic 
mirrors of the indicated character, in most instances, the 
electrochromic solution initially appeared colorless, and 
changed to a deep blue-purple or deep blue-green color 
when voltage was applied to the solution, and the solu- 

55 tion returned to its bleached, colorless state when the 
voltage applied to the solution was open-circuited or 
shortcircuited. In other electro-optic prior art, the elec- 
tro-optic material turned pink in the darkened condition, 
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and in other electro-optic prior art mediums, in their ze- 
ro-potential, equilibrium states, the electro-optic medi- 
ums were tinted yellow or blue. As previously discussed, 
it is advantageous to have an electrochromic medium 
in such a mirror which exhibits an orange hue rather than 
a blue one. 

It has long been known that orange colored displays 
preserve night vision better than blue, violet or blue 
green ones. However, it has not previously been feasi- 
ble to utilize an orange display in combination with an 
electrochromic mirror because the electrochromic mir- 
rors have preferentially absorbed orange light, thus dra- 
matically limiting the visibility of a desired orange dis- 
play, and there is no suggestion in the prior art of com- 
bining an orange electochromic medium with an orange 
display in an electro-optic rearview mirror. Accordingly, 
while prior art electro-optic mirrors usually turn a shade 
of blue or even pink in the darkened condition, the 
present invention provides an electrochromic medium 
which in the darkened state has an average transmit- 
tance of visible light in the generally orange, red and 
near infrared wavelengths above 585 nanometers 
which is greater than the average transmittance of visi- 
ble light in the generally blue and green wavelengths 
below 585 nanometers whereby the glare-reducing 
properties are superior to any known prior art electro- 
optic rearview mirrors. Moreover, in accordance with the 
present invention, the above described electrochromic 
medium may be combined with a display which shines 
through the electrochromic medium, the peak emission 
band of the display substantially corresponding with the 
high transmittance band of the electrochromic medium. 
By way of example, the display is preferably a standard 
Futaba Corporation vacuum fluorescent display having 
the color orange with a peak emission of 605 nanome- 
ters. Also, by way of example, in accordance with the 
present invention, the electrochromic means is a single- 
compartment, selferasing, solution-phase electrochro- 
mic device which comprises, as the medium of reversi- 
bly variable transmittance to light, solutions of the type 
described in Example III of U.S. Patent 4,902,108 with 
the exception that the cathodic electrochromic com- 
pound I.V-dKn-heptylH^'-bipyridinium difluoroborate 
has been replaced with 2-Ethylanthraquinone whereby 
in a darkened state the electrochromic medium has an 
average one-way transmittance in the generally orange 
and red bands between wavelengths of 585 nanometers 
and 780 nanometers which is substantially greater than 
its average one-way transmittance in the generally blue 
and green bands between the wavelengths of 380 and 
585 nanometers. Furthermore, this improved construc- 
tion exhibits enhanced near infrared light transmission 
(such that its average one-way transmittance between 
780 and 900 nanometers is also substantially higher 
than its one-way transmittance for the generally blue 
and green bands between the wavelengths of 380 and 
585 nanometers). Other cathodic electrochromic com- 
pounds such as 1,1' -dimethyl-2,4'-bipyridinium difluor- 
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oborate may also be used as substitutes for the 2-Ethyl- 
anthraquinone in this preferred embodiment. Further- 
more the benefits taught herein may be obtained 
through the use of other electro-optic media such as sol- 
s id phase electrochromic compounds, hybrid solid and 
solution phase electrochromic combinations, color dich- 
roic liquid crystal compounds, etc. 

As previously mentioned, in accordance with the 
present invention, a vacuum fluorescent display may be 
w embodied in the automatic rearview mirror whereby in- 
formation, such as outside temperature and/or compass 
information may be displayed to the driver of the vehicle, 
the normal location of the rearview mirror allowing easy 
viewing of the display to the driver of the vehicle. Prior 
is displays of the indicated character are disclosed in the 
co-pending U.S. application of Robert C. Knapp, Serial 
No. 07/840,852 for Automatic Electrochromic Control of 
Light Level of Vacuum Fluorescent Display, which appli- 
cation is also assigned to the assignee of the present 
20 invention, and the entire disclosure of which is hereby 
incorporated herein by reference. 

Alternatively, the display may be of any type having 
the proper spectral emission properties as taught here- 
in, such as an orange LED (light emitting diode), a CRT, 
25 plasma or the like. Furthermore, in another embodiment 
the display may be replaced or supplemented by an in- 
strument which is an emitter or receiver whose infrared 
response properties are substantially matched to the 
preferential transmittance properties of the improved 
30 electrochromic medium. 

Referring to Figures 1, 2 and 3, the present inven- 
tion is illustrated as embodied in an automatic rearview 
mirror system, generally designated 10, which is partic- 
ularly adapted for use in connection with automotive ve- 
35 hides, although it will be understood that the present 
invention is applicable to other uses. Automatic rearview 
mirror systems embodying the present invention include 
an inside rearview mirror 11 which is shown in Figure 1 
installed on the windshield 13 of a vehicle. The system 
40 10 may also include outside electrochromic rearview 
mirrors 15 and 17 which may be installed on the outside 
of a vehicle in a conventional manner whereby each of 
the mirrors 11, 15 and 17 faces rearwardly of the vehicle 
in a conventional manner; it being understood that any 
45 desired combination of inside and/or outside mirrors 
may be utilized. The system 10 includes circuitry (not 
shown) for automatically controlling the reflectance of 
the mirrors 11, 15 and 17 to provide maximum rear vi- 
sion and at the same time providing relief to the driver 
50 of the vehicle from glare which may be caused by head- 
lights from a following vehicle during nighttime driving. 
The ambient and glare-causing light levels observed by 
the driver of the vehicle are monitored by a pair of photo 
sensors (not shown) facing generally forwardly and gen- 
55 erally rearwardly, respectively, of the vehicle, and the 
electronic circuitry provided within the mirror assembly 
processes the light level information and functions to 
properly energize the electrochromic material when 
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glare relief is required. 

The mirrors 11, 15 and 17 each include a reflective 
layer 12 which may, for example, be provided on a rear 
surface of a rear glass layer 14, and a front glass 16 is 
provided in front of the rear glass layer 14. An electro- 
chromic layer 1 8 embodying the present invention is dis- 
posed between the front and rear glass layers and con- 
fined by a seal 1 5, the electrochromic layer 1 8 including 
ingredients having the desired electrochromic proper- 
ties whereby the electrochromic layer, in the darkened 
state, has an average transmittance of visible light oc- 
curring in the generally orange, red and near infrared 
wavelengths above 585 nanometers which is greater 
than the average transmittance of visible light in the gen- 
erally blue and green wavelengths below 585 nanome- 
ters. Transparent conductive layers 20 and 22 are also 
provided which are electrically connected to the circuitry 
controlling the darkening and lightening of the electro- 
chromic mirror, the transparent conductive layers being 
described in detail in the aforementioned U.S. Patent 
Nos. 4,902,108 and 4,917,477. 

A surface area 24 of the reflective layer 12 of the 
mirror is removed so that no reflective capability exists 
in such surface area. An information display module 26 
having information such as outside temperature and/or 
compass direction displayed on its front face is oriented 
so that the front of the information module abuts against 
the adjacent surface of the rear glass 14 so that infor- 
mation carried by the display module 26 is visible to the 
vehicle operator through the rear glass layer 14, the 
electrochromic layer 1 8, the transparent conductive lay- 
ers 20 and 22, and the front glass 1 6. The emission band 
of the display module preferably substantially corre- 
sponds with the transmittance band of the electrochro- 
mic medium, i.e. in the generally orange, red and near 
infrared bands having wavelengths above 585 nanom- 
eters. As previously mentioned, mirrors reflecting light 
in the orange and red bands as embodied by the present 
invention have superior glare-reducing properties. At 
the same time, the orange display 26 provides superior 
nighttime vision, as compared to more common blue- 
green displays of the prior art. Moreover, the present in- 
vention provides high efficiency in transmission of or- 
ange and red light from the display whereby the display 
brightness can be several times higher than it would be 
if prior art electrochromic devices (which turn a shade 
of blue in the darkened state), were used and conse- 
quently the present invention provides an improvement 
in display efficiency. 

In support of the foregoing description, Figure 4 il- 
lustrates the spectral distribution of the visible light emit- 
ted by the display, while Figure 5 depicts the one-way 
spectral transmittance of the preferred electrochromic 
medium in its uncolored and colored states. Figure 6 de- 
picts the spectral reflectance of the preferred electro- 
chromic medium in its clear, darkened and intermediate 
states while Figure 7 depicts the CIE color-matching 
functions used for measurement of color. 



Figure 8 is a representation of the CIE 1976 UCS 
chromaticity chart, while Figure 9 depicts that saturation 
of monochromatic sources having equal luminance and 
Figure 1 0 depicts the saturation of narrow-band sources 

5 having equal luminance. 

Figure 11 is a chart depicting the superior attenua- 
tion of harsh headlamp glare by the improved electro- 
chromic mirror embodying the present invention. 

Figures 12 depicts the benefits of the improved 

10 electrochromic mirror embodying the present invention 
in combination with a display having an emission spec- 
tra substantially matched to a generally orange or red 
band of light which is preferentially transmitted by the 
electrochromic medium even when the electrochromic 

is medium is in its darkened state; Figure 13 shows the 
benefits of the improved electrochromic mirror embod- 
ying the present invention in combination with an instru- 
ment (emitter or detector) whose response (emission or 
reception) is substantially matched to a band of infrared 

20 light which is preferentially transmitted by the electro- 
chromic medium, even when the electochromic medium 
is in its darkened state; and Figure 14 shows the rela- 
tionship between saturation and glare. 

In order to achieve the benefits of the improved 

25 electrochromic mirror as disclosed herein on a full time 
basis, not only when the mirror is dark but also in the 
clear state, it will be understood, if desired, mirrors of 
the type illustrated and described in the aforementioned 
U.S. Patents incorporated herein by reference may be 

30 utilized in conjunction with an orange, red and/or near 
infrared filter in the form of a coating, film, additive or 
other means and having the aforementioned transmit- 
tance and/or reflective properties applied to any of the 
surfaces of the front and rear glass elements, or incor- 

35 porated in the glass itself or incorporated in the electro- 
chromic medium. 

The present invention has been illustrated and de- 
scribed in connection with electrochromic media but it 
will be understood that the present invention may be em- 

40 bodied in mirror systems utilizing other types of electro- 
optic media. 

While preferred embodiments of the invention have 
been illustrated and described, it will be understood that 
various changes and modifications may be made with- 
45 out departing from the scope of the invention which is 
defined by the appendant claims. 



Claims 

50 

1 . An electro-optically dimming rearview mirror for mo- 
tor vehicles, said mirror comprising, in combination, 
front and rear spaced elements, said front element 
and said rear element defining a chamber therebe- 
55 tween, said front element being transparent, the 
side of such front element confronting said rear el- 
ement including transparent electrically conductive 
means, the side of said rear element confronting 
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said front element including means providing elec- 
trically conductive functions, said chamber contain- 
ing an electro-optic reversibly variable transmit- 
tance medium in contact with said transparent elec- 
trically conductive means on said front element and 5 
said means providing electrically conductive func- 
tions on said rear element, means providing light 
reflective functions on said rear element effective to 
reflect light through said medium and through said 
front element when said light reaches said means 10 
providing light reflective functions after passing 
through said medium and through said front ele- 
ment, said electro-optic reversibly variable trans- 
mittance medium in a darkened state being effec- 
tive to transmit visible light in the generally orange, '5 
red and near infrared wavelengths above 585 na- 
nometers, and means for applying electrical poten- 
tial to said electro-optic medium to cause variations 
in the light transmittance of said electro-optic medi- 
um 20 
um. 

2. The combination as set forth in Claim 1 , including 
display means effective to emit light through said 
electro-optic medium, the peak emission of said dis- 
play means substantially corresponding with the 25 
transmittance of light of said electro-optic medium 

in the generally orange, red and near infrared wave- 
lengths above 585 nanometers. 

3. The combination as set forth in claim 1 or 2, wherein 30 
said rearview mirror is an inside mirror on a vehicle. 

4. The combination as set forth in claim 1 or 2, wherein 
said rearview mirror is an outside mirror on a vehi- 
cle. 35 

5. An electro-optically dimming rearview mirror for mo- 
tor vehicles, said mirror comprising, 

in combination, front and rear spaced elements, 
said front element and said rear element defining a 40 
chamber therebetween, said front element being 
transparent, the side of said front element confront- 
ing said rear element including transparent electri- 
cally conductive means, the side of said rear ele- 
ment confronting said front element including elec- ^ 
trically conductive means, said chamber containing 
an electro-optic reversibly variable transmittance 
medium in contact with said transparent electrically 
conductive means on said front element and said 
electrically conductive means on said rear element, sc 
said rear element including light reflective means 
effective to reflect light through Said medium and 
through said front element when said light reaches 
said light reflective means after passing through 
said medium and through said front element, said Si 
electro-optic medium in the darkened state having 
an average transmittance of visible light in the gen- 
erally orange, red and near infrared wavelengths 



above 585 nanometers which is greater than the av- 
erage transmittance of visible light in the generally 
blue and green wavelengths below 585 nanome- 
ters, and means for applying electrical potential to 
said electro-optic medium to cause variations in the 
light transmittance of said electro-optic medium. 

6. The combination as set forth in claim 5, wherein 
said electro-optic medium is an electrochromic me- 
dium. 

7. The combination as set forth in claim 6 wherein said 
electrochromic medium includes 2-Ethylanthraqui- 
none whereby in a darkened state the electrochro- 
mic medium has an average one-way transmittance 
in the generally orange and red bands between 
wavelengths of 585 nanometres and 780 nanome- 
tres which is substantially greater than its average 
one-way transmittance in the generally blue and 
green bands between the wavelengths of 380 and 
585 nanometres. 

8. The combination as set forth in claim 8 wherein said 
electrochromic medium includes 1, V-dimethyl- 
2,4'-bipyridinium difluoroborate. 

9. A rearview mirror for automotive vehicles, including 
a reflectance member effective to reflect visible light 
impinging thereon, a filter effective to transmit light 
to and reflected by said reflectance member, said 
reflectance member in conjunction with said filter 
having an average reflectance of visible light in the 
generally orange, red and near infrared wave- 
lengths above 585 nanometres which is greater 
than the average reflectance of visible light in the 
generally blue and green wavelengths below 585 
nanometres. 

10. The mirror combination as set forth in claim 9, said 
filter being in the form of a film applied to said re- 
flectance member. 

11. The mirror combination as set forth in claim 9, said 
filter being in the form of a coating applied to said 
reflectance member. 

12. The combination as set forth in claim 9, said reflect- 
ance member including a glass element, said filter 
being in the form of an additive incorporated in the 
glass itself. 

13. The combination as set forth in claim 9, said rear- 
view mirror including an electro-optic medium, said 
filter being incorporated in said electro-optic medi- 
um. 

14. The combination as set forth in claim 9, said rear- 
view mirror including an electrochromic medium, 
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said filter being incorporated in said electrochromic 
medium. 

1 5. An electro-opticaliy dimming rearview mirror for mo- 
tor vehicles, said mirror comprising, in combination, 5 
front and rear spaced elements, said front element 
and said rear element defining a chamber therebe- 
tween, said front element being transparent, the 
side of said front element confronting said rear ele- 
ment including transparent electrically conductive 10 
means, the side of said rear element confronting 
said front element including electrically conductive 
means, said chamber containing an electrochromic 
reversibly variable transmittance medium in contact 
with said transparent electrically conductive means 
on said front element and said electrically conduc- 
tive means on said rear element, said rear element 
including light reflective means effective to reflect 
light through said medium and through said front el- 
ement when said light reaches said light reflective 
means after passing through said medium and 
through said front element, said electrochromic me- 
dium in the darkened state having an average one- 
way transmittance of visible light in the wavelengths 
between 780 and 900 nanometers which is higher & 
than the average one-way transmittance of visible 
light in the wavelengths between 380 and 585 na- 
nometers, and means for applying electrical poten- 
tial to said electrochromic medium to cause varia- 
tions in the light transmittance of said electro-optic &> 
medium. 

16. The combination as set forth in claim 15 including 
display means effective to emit light through said 
electrochromic medium, the peak emission of said 35 
display means substantially corresponding with the 
average one-way transmittance of visible light of 
said electrochromic medium in the wavelengths be- 
tween 780 and 900 nanometers. 

40 
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